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Abstract: Road accidents are increasing rapidly due
to factors such as road conditions, environmental
influences, and driver behavior. This paper proposes a
hybrid machine learning model that integrates data
preprocessing, feature selection, clustering, and
classification techniques to predict accident
occurrences. Algorithms such as Support Vector
Machine (SVM), Decision Tree, and Random Forest
are applied to analyze historical accident data and
improve prediction accuracy. The proposed system
effectively identifies accident-prone scenarios and
provides better decision support for reducing road

accidents.
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Learning, Data Mining, Support Vector Machine
(SVM), Decision Tree, Random Forest, Clustering,
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1. INTRODUCTION

Road accidents have become a major global concern,
especially in countries like India where the number of
vehicles is increasing rapidly. Factors such as over-
speeding, poor road conditions, environmental

influences like weather, and human negligence
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significantly contribute to accident occurrences.
According to recent studies, a large number of
fatalities are reported every year due to road accidents,
making it essential to develop intelligent systems that

can predict and prevent such incidents.

With the advancement of Artificial Intelligence and
Machine Learning, data-driven approaches are widely
used to analyze large volumes of accident data and
identify hidden patterns. Machine learning techniques
enable the extraction of meaningful insights from
historical data, helping in predicting the likelihood of
accidents in specific regions and conditions. These
predictions can assist government authorities and road
users in taking preventive measures to reduce accident

risks.

In this paper, a hybrid machine learning model is
proposed that combines data preprocessing, feature
selection, clustering, and classification techniques to
improve prediction accuracy. Algorithms such as
Support Vector Machine (SVM), Decision Tree, and
Random Forest are utilized to analyze accident-related
data and generate reliable predictions. The proposed

system aims to provide an efficient and scalable
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solution for identifying accident-prone areas and

enhancing road safety.

2. LITERATURE SURVEY

a) Discovering recurring anomalies in text reports

regarding complex space systems:

A substantial amount of historical maintenance and
problem databases are kept in unstructured text
formats in many of the complex space systems that are
now in use. Finding recurrent abnormalities and
connections between problem reports that can point to
more serious systemic issues is the issue we tackle in
this research. We use data from discrepancy reports on
software abnormalities in the Space Shuttle to
demonstrate our methods. The focus and language of
these free text reports fluctuate greatly since they are
produced by a variety of individuals. We evaluate four
common automated techniques for text anomaly
detection found in the present text mining literature.
We begin by describing the application of the
Gaussian mixture model, sometimes known as k-
means, to the term-document matrix. The second
technique is the Sammon nonlinear map, which
projects high-dimensional document vectors into two
dimensions for grouping and visualization. The third
approach, which depicts each document as a point on
a high-dimensional sphere, is based on an
investigation of the outcomes of using a clustering
method, expectation maximization on a combination
of von Mises Fisher distributions. We use clustering in
this area to find sets of related texts. The findings come
from a novel technique called spectral clustering,
which embeds vectors from the term-document matrix
in a high-dimensional space for grouping.
Recommendations for the creation of an operational

text mining system for the analysis of problem reports
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resulting from complicated space systems are included
in the paper's conclusion. We also show the areas
where this system has to be tailored for the space
domain by contrasting such systems with general-

purpose text mining methods.

b) Discovering recurring anomalies in text reports
regarding complex space systems:
A substantial amount of historical maintenance and
problem databases are kept in unstructured text
formats in many of the complex space systems that are
now in use. Finding recurrent abnormalities and
connections between problem reports that can point to
more serious systemic issues is the issue we tackle in
this research. We use data from discrepancy reports on
software abnormalities in the Space Shuttle to
demonstrate our methods. The focus and language of
these free text reports fluctuate greatly since they are
produced by a variety of individuals. We evaluate four
common automated techniques for text anomaly
detection found in the present text mining literature.
We begin by describing the application of the
Gaussian mixture model, sometimes known as k-
means, to the term-document matrix. The second
technique is the Sammon nonlinear map, which
projects high-dimensional document vectors into two
dimensions for grouping and visualization. The third
approach, which depicts each document as a point on
a high-dimensional sphere, is based on an
investigation of the outcomes of using a clustering
method, expectation maximization on a combination
of von Mises Fisher distributions. We use clustering in
this area to find sets of related texts. The findings come
from a novel technique called spectral clustering,
which embeds vectors from the term-document matrix
in a high-dimensional space for grouping.
Recommendations for the creation of an operational

text mining system for the analysis of problem reports
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resulting from complicated space systems are included
in the paper's conclusion. We also show the areas
where this system has to be tailored for the space
domain by contrasting such systems with general-

purpose text mining methods.

c) Identifying the Stances of Topic Persons Using a
Model-based Expectation-Maximization Method:

Finding similar-minded individuals in topic papers
with conflicting opinions can aid readers in
understanding the context of a subject and make topic
reading easier. In this study, we provide an
unsupervised technique to find subject individuals
who have the same viewpoint. In particular, we cluster
people into positively linked groups using a model-
based Expectation-Maximization (EM) technique.
Furthermore, we employ a weighted correlation
coefficient and an off-topic block removal approach to
eliminate off-topic text blocks and mitigate the text
sparseness issue. Additionally, we offer an efficient
initialization approach that produces suitable EM
initializations. The results of our experiment show that
the suggested strategy outperforms several popular
clustering techniques and accurately clusters topic
individuals with the same perspective. Additionally,
the initialization technique produces stance

identification results that are reliable and accurate.

d) ext Mining Analysis of Railroad Accident

Investigation Reports:

Major train incidents are reported by the
Transportation Safety Board of Canada and the
National Transportation Safety Board of the United
States. To find recurrent themes in significant train
incidents, the text from these accident reports was
examined using the text mining techniques of

probabilistic topic modeling and k-means clustering.
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These studies' results show that the train accidents may
be effectively categorized into many subjects.
Additionally, the result indicates that grade crossing
accidents, wheel flaws, track faults, and switching
accidents are common accident categories. The
discovery that bridge-related incidents are more
common in Canadian reports is one of the main
differences between the U.S. and Canadian reports.
ASME Country-Specific Mortality and Growth
Failure in Infancy and Young Children and
Association With Material Stature, Copyright © 2016
View and sort data on baby and early childhood
mortality, growth failure, and their correlation with

maternal health using interactive visuals and maps.

e) Analysis of road accidents in India using data

mining classification algorithms:

Classification is a model-finding procedure that
divides the data into several classes according to
certain limitations. The road accident data set from
India is analyzed in this paper utilizing a variety of
classification  techniques, including logistic
regression, linear regression, decision trees, SVM,
Naive Bayes, KNN, Random Forest, and gradient
boosting algorithms. The performance metrics that are
employed include execution time, accuracy, and error
rate. The R data mining program is used for this

investigation. KNN outperforms other algorithms in

terms of performance.

3. METHODOLOGY

i) Proposed Work:

The proposed system focuses on developing an
intelligent road accident prediction model using a
hybrid machine learning approach. Initially, raw

accident data collected from various sources is
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subjected to data preprocessing techniques such as
data cleaning, handling missing values, and
normalization to improve data quality. Feature
selection is then applied to extract only the most
relevant attributes influencing accident occurrences,
such as road conditions, weather factors, and traffic
parameters. This step helps in reducing complexity

and improving the efficiency of the model.

After preprocessing, clustering techniques are used to
group similar accident patterns, which helps in
understanding hidden relationships within the data.
The clustered data is then passed through multiple
machine learning classification algorithms such as
Support Vector Machine (SVM), Decision Tree, and
Random Forest. These models are trained and
evaluated to determine the most accurate prediction
results. The system selects the best-performing
algorithm to predict the probability of accidents,
thereby enabling early identification of accident-prone

situations and supporting preventive decision-making.

ii) System Architecture:

The system architecture begins with the user
interacting with the application interface, where an
authentication check is performed to ensure secure
access. If the user is unauthorized, access is denied;
otherwise, the authorized user proceeds to upload the
road accident dataset. Once the dataset is uploaded, the
system allows the user to view and verify the data,
ensuring that the input is correct and suitable for
further processing. This initial stage ensures data

integrity and secure system usage.

After data validation, the system executes machine
learning algorithms on the processed dataset. The
algorithms analyze the data and generate predictions

regarding accident occurrences. The predicted results
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are then displayed to the user along with graphical
visualizations for better understanding and analysis.
Finally, the process concludes after presenting the
output, enabling users to interpret accident trends and

make informed decisions based on the generated

insights.
S
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Figl proposed architecture
iii) Modules:

1. Data Collection Module

e  Collects historical road accident data from
datasets

e Includes features like weather, road
condition, location, etc.

2. Data Preprocessing Module

e (Cleans data by removing null and
inconsistent values
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e Normalizes data to improve model
performance

3. Feature Selection Module

e Selects important attributes affecting
accidents

e Reduces dimensionality and improves
accuracy

4. Clustering Module

e Groups similar accident patterns using
clustering techniques
e Helps identify hidden relationships in data

5. Machine Learning Module

e Applies SVM, Decision Tree, and Random
Forest algorithms
e  Trains models and compares performance

6. Prediction Module

e Predicts the probability of accident
occurrence
o Selects the model with highest accuracy

7. Visualization Module

o Displays results using graphs and charts
e Helps users understand accident trends easily

iv) ALGORITHMS:
1. Support Vector Machine (SVM)

Support Vector Machine (SVM) is a supervised
machine learning algorithm used for classification
tasks. It works by finding an optimal hyperplane that
separates data points into different classes with
maximum margin. In this project, SVM 1is used to
classify accident and non-accident scenarios based on
input features such as road conditions and
environmental factors. It performs well with high-
dimensional data and provides accurate predictions.
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2. Decision Tree

Decision Tree is a supervised learning algorithm that
uses a tree-like structure to make decisions based on
feature values. Each internal node represents a
condition, and each branch represents an outcome
leading to a final decision. In this system, Decision
Tree helps in identifying the most influential factors
contributing to road accidents and provides easy
interpretability of results.

3. Random Forest

Random Forest is an ensemble learning technique that
combines multiple decision trees to improve
prediction accuracy and reduce overfitting. It builds
several trees using random subsets of data and
features, and the final prediction is made based on
majority voting. In this project, Random Forest
enhances the reliability and robustness of accident
prediction by producing more stable and accurate
results.

4. Clustering Algorithm

Clustering is an unsupervised learning technique used
to group similar data points based on their
characteristics. In this model, clustering is applied
before classification to identify patterns and
similarities in accident data. This helps in improving
the performance of classification algorithms by
organizing the data into meaningful groups.

4. EXPERIMENTAL RESULTS

The proposed road accident prediction model was
evaluated using real-world accident datasets after
performing data preprocessing and feature selection.
Multiple machine learning algorithms, including
Support Vector Machine (SVM), Decision Tree, and
Random Forest, were implemented and compared
based on their prediction accuracy. The results indicate
that the hybrid approach, which combines clustering

with classification techniques, improves the overall
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performance of the system by effectively identifying
hidden patterns in the data.

Among the applied algorithms, Random Forest
achieved the highest accuracy due to its ensemble
learning capability, followed by SVM and Decision
Tree. The system successfully predicted accident-
prone scenarios and provided graphical visualizations
for better interpretation of results. These findings
demonstrate that the proposed model is efficient,
reliable, and suitable for real-time accident prediction

and decision-making support systems.

Accuracy: A test's accuracy is determined by its
capacity to distinguish between healthy and ill cases.
To gauge the accuracy of the test, find the percentage
of examined instances that had true positives and true

negatives. According to the computations:
Accuracy = TP + TN /(TP + TN + FP + FN)

(TN + TP)

Accuracy = T

Precision: Precision is the number of affirmative
cases or the classification's accuracy rate. The

following formula is applied to assess accuracy:

Precision = True positives/ (True positives + False

positives) = TP/(TP + FP)

TP

Precision = m

Recall: A model's ability to recognise every instance
of a pertinent machine learning class is measured by
its recall. The ratio of accurately predicted positive
observations to the total number of positives indicates

how well a model can identify class instances.
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TP

Recall = m

mAP: Mean Average Precision is one ranking quality
metric (MAP). It considers the number of relevant
recommendations and their position on the list. MAP
at K is calculated as the arithmetic mean of the

Average Precision (AP) at K for each user or query.

k=n

1
mAP = —Z APk
n
k=1

AP, = the AP_of class k
n = the number of classes

F1-Score: An accurate machine learning model is
indicated by a high F1 score. combining precision and
recall to increase model correctness. The accuracy
statistic quantifies the frequency with which a model
correctly predicts a dataset.

(Recall - Pre cision)

F1=2-
(Recall + Pre cision)

Fig2 input data

Vol 26 Issue 05, May 2026

Page 1254 of 1257



ISSN No0:2250-3676

nternational Journal of Engineering Science and Advanced Technology (IJESAT)

Accident Predicted and The Type Of Accident is::
Grievious injury

Fig3 results

5. CONCLUSION

This paper presented a hybrid machine learning-based
road accident prediction system that integrates data
preprocessing, feature selection, clustering, and
classification techniques. By utilizing algorithms such
as Support Vector Machine (SVM), Decision Tree,
and Random Forest, the system effectively analyzes
historical accident data and predicts the likelihood of
accident occurrences. The combination of clustering
with classification improves the accuracy and

reliability of predictions.

The experimental results demonstrate that the
proposed model can successfully identify accident-
prone conditions and assist in making informed
decisions to reduce road accidents. This system can be
beneficial for government authorities, traffic
management systems, and road users by providing

early warnings and enhancing road safety measures.

6. FUTURE SCOPE

The proposed system can be further enhanced by
integrating real-time data sources such as IoT sensors,
GPS, and live traffic information to improve
prediction accuracy and timeliness. Incorporating deep
learning techniques and advanced models can also
help in capturing more complex patterns in accident

data. Additionally, the system can be deployed as a
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real-time web or mobile application to provide instant

alerts to drivers and authorities.

Future improvements may include expanding the
dataset with more diverse and large-scale data,
including driver behavior and vehicle conditions.
Integration with smart city infrastructure and traffic
control systems can further enhance its practical
applicability, enabling proactive accident prevention

and efficient traffic management.
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